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THE DRINKING STIMULUS A I D  RATE OF WATER PASSAGE 
FROM T€E STOMACH TO THE INTESTINE 

V. G. Kass i l '  

(Presented by Academician V. N. Chernigovskiy 10 August 1964) 

ABSTRACT 

Evidence i s  presented i n  support of a g a s t r i c  emptying 

mechanism whereby regulat ion of t h e  f l u i d  flow from t h e  

stomach i n t o  t h e  duodenal i s  rea l ized  by vir tue of cent ra l -  

i zed  nervous a c t i v i t i e s ,  t e n t a t i v e  forms of which might be 
i 
i i n t e r n a l  temperature, hormonal a c t i v i t y ,  or var ia t ions  i n  

t h e  s t i m u l u s  l e v e l  or; the  drinking center.  
8 

A f u r t h e r  ind i -  

ca t ion  i s  that t h e  stonach a c t s  as a reservoi r ,  metering 

determined, using "imaginary drinking" experiments and i s o l a t  

i n g  t h e  r e s u l t a n t  e f f e c t s  from st imulat ion of t h e  mucilagenous 

f l u i d s  i n t o  t h e  organism's i n t e r i o r  medium depending on cur- 

r e n t  need. The dependence of g a s t r i c  emptying on t h i r s t  i s  

portion of t h e  duodenum. 
p,-A.Ad 

INTilODUCTION 

It had already been establ ished b y  the end of t h e  l as t  century t h a t  t h e  /1194 

apportioned t r a n s f e r  of food from t h e  stomach i n t o  t h e  i n t e s t i n e  depends on t h e  

s t imulat ion of receptors  i n  tne upper i n t e s i i u a l  ti-act dr;e tc z c z t r s c t i ~ n ,  cf 

t h e  pylor ic  sphincter ( c i t e d  from r e f .  I-). 

Pavlov, t h e  problems of chemical e f f e c t s  on t h e  g a s t r i c  emptying a c t i v i t y  i n  

connection with t h e  s t imulat ion of the  duodenal chemoreceptors were invest igated 

Later, i n  t h e  laboratory of I. P. 

Numbers i n  t h e  margin ind ica te  pagination i n  t h e  o r i g i n a l  fore ign  t e x t .  



i n  d e t a i l  ( r e f s .  3 t o  5 and 9). 

present paper t o  review i n  a comprehensive manner t h e  l i terature devoted t o  

t h i s  problem. 

sume t h a t  evacuation of t h e  g a s t r i c  contents i s  regulated preponderantly, not 

by t h e  k ine t i c s  of t h e  pylor ic  sphincter,  b u t  by t h e  motor a c t i v i t y  of t h e  en- 

t i r e  stomach (see t h e  review i n  r e f .  11). 

au thor i t a t ive  researchers  i n  t h i s  problem, J. N. Hunt (ref. lo), t h e  l e v e l  of 

g a s t r i c  emptying a c t i v i t y  i s  regulated by va r i a t ions  in t h e  s t roke volume of t h e  

antroduodenal pump and powerful pressures exer ted by  t h e  osmoreceptors of t h e  

duodenum. 

vacate t h e  stomach without i nh ib i t i on  and a t  a constant rate. 

therefore ,  t h a t  t h e  passage of f l u i d s  f rom t h e  stomach i n t o  t h e  i n t e s t i n e  i s  

governed exclusively by t h e i r  osmotic concentration, which i s  not regulated i n  

t h e  stomach, bu t  i n  t h e  duodenum. This lends support t o  Waldeyer's hypothesis 

( c i t e d  i n  ref. 11) t h a t  water r ap id ly  vacates t h e  stomach via a channel formed 

by  t h e  muscles of t h e  greater curvature ( the  so-called "stomach passage"). 

It would be impossible within t h e  scope of t h e  

We merely note t h a t  t he  majority of contemporary researches as- 

I n  t h e  opinion of one of t h e  most 

I n  t h i s  case, those f l u i d s  which a r e  neu t r a l  i n  t he  chemical sense, 

It i s  assumed, 

We have previously been ab le  to observe t h a t  t h e  rate of water evacuation 

from t h e  stomach i s  not always s t ab le  ( re f .  2) .  

down abrupt ly  a f t e r  severa l  addi t ions of 300 t o  500 ml of 3-5% sodium chlor ide 

so lu t ion  i n t o  t h e  stomach cavi ty ,  an e f f ec t  t h a t  could be regarded i n  a number 

of cases as t h e  onset  of a condition ref lex.  

always be a t t r i b u t e d  t o  conditioned r e f l ex  f ac to r s .  The object ive of t h e  pre- 

so;;% st:+; 5 2 s  h e e ~  to f i n d  o u t  whether t he  r a t e  of water passage i n t o  t h e  

i n t e s t i n e  depends so l e ly  on loca l ized  gastroduodenal processes o r  whether it i s  

a l s o  associated with some s o r t  of central ized e f f e c t s .  I n  order t o  s i m p l i f y  as 

much as possible  t h e  a t t ack  on t h i s  problem, we began by inves t iga t ing  t h e  rate 

Spec i f ica l ly ,  it i s  slowed 

However, t h i s  e f f e c t  could not  
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of water evacuation from t h e  stomach e i ther  i n  t h e  t h i r s t y  s t a t e  o r  not i n  t h e  

t h i r s t y  s t a t e .  Moreover, i n  order t o  d i f f e r e n t i a t e  between e f f e c t s  or ig ina t ing  

from t h e  g a s t r i c  receptors  and t h e  in tes t ine ,  we s t rove t o  preclude s t imulat ion 

of t h e  mucilaginous duodenum by water evacuated from t h e  stomach. Logically,  

we could proceed from two assumptions. The f i r s t  corresponds t o  t h e  modern 

notions of t h e  stomach evacuation mechanism ( r e f s .  10 and 11) and a s s e r t s  t h a t  

t h e  passage of water i n t o  t h e  i n t e s t i n e  i s  accomplished i r respec t ive  of t h e  

s t a t e  of t h e  drinking center.  The second assumption admits t h e  p o s s i b i l i t y  of 

d e f i n i t e  influences exerted by t h e  l e v e l  o f  e x c i t a t i o n  of t h e  drinking center  

on t h e  rate of water evacuation f r o m t h e  stomach. 
c 

PROCEDURE 

Fif ty- f ive  experiments were performed on two dogs with preinduced f is tulas  

i n  t h e  stomach, duodenum (3  cm from t h e  pyloric portion of t h e  stomach and a t  /1195 

t h e  beginning of t h e  jejunum), and bladder. After securing t h e  dogs i n  t h e  t e s t  

stand, the  f istulas were opened and rubber tubes inser ted.  During each experi- 

ment, t h r e e  ten-minute samplings were made, one r i g h t  after the  other ,  t o  i n -  

ves t iga te  the  evacuation of water from the stomach. 100 m l  of t a p  water, heated 

t o  a temperature of 380c, were fed i n t o  the  stomach d i r e c t l y  through t h e  f is tula ,  

a f t e r  which t h e  rubber tube leading f r o m t h e  g a s t r i c  f i s tu la  w a s  clamped of f .  

The rubber hoses inser ted  i n t o  t h e  f i s t u l o u s  tubes of the'duodenum were lowered 

f l u i d  emptied from t h e  stomach was measured. A f t e r  t h e  expirat ion of 10 min, 

water was added t o  t h e  stomach i n  an amount commensurate w X i  the ~o1nz.z sf 

f l u i d  t h a t  had been drained off during the preceding 10 min from t h e  duodenal 

f i s t u l a .  The same procedure w a s  again repeated after t h e  second ten-minute 

s amp l i n g  . 
3 



The experiments were run aga ins t  a background of var ious func t iona l  s t a t e s  

on t h e  p a r t  of t h e  animals; e i t h e r  on t h e  normal feeding schedule with f r e e  ac- 

cess  t o  water, or a f t e r  18 t o  40 hours deprivat ion of water and xerophagia. 

The presence o r  lack of t h i r s t  was t e s t e d  q u a l i t a t i v e l y  a t  t h e  beginning of t h e  

experiment and quan t i t a t ive ly  a t  i t s  termination by measuring t h e  volume of 

water taken by t h e  dog with t h e  g a s t r i c  and duodenal f i s t u l a s  open ("imaginary 

drinking") or with t h e  f is tulas  closed (" t rue  drinking").  

RESULTS 

Before comparing t h e  emptying function of t h e  stomach aga ins t  a background 

of t h i r s t  and i n  t h e  absence of t h e  drinking s t i m u l u s ,  it m u s t  be ascer ta ined 

how s t ab le  and stereotyped t h i g  funct ion i s  under t h e  given experimental condi- 

t i ons .  

s t imulat ion exhibi ted c e r t a i n  f luc tua t ions  i n  t h e  rate of water evacuation from 

t h e  stomach from one experiment t o  the  next. 

not  appreciable or syszeEatic, whereas the d i f fe rences  i n  water evacuation rate 

between t h i r s t  and non'i'nirst conditions were qui te  subs tan t ia l .  

It turned out  t h a t  t h e  same dog with t h e  same background of dr inking 

These f luc tua t ions ,  howevere, were 

A s  apparent from f igu re  lA, t h e  t o t a l  amount of f l u i d  t r ans fe r r ed  i n t o  t h e  

i n t e s t i n e  after 10 min was 18 55.1 m l  of t h e  100 ml introduced i n t o  t h e  stomach, 

whereas under t h i r s t  conditions t h i s  quant i ty  w a s  equal t o  74 k6.2 ml. 

marked d i f fe rence  i n  t h e  mean indicat ions was observed in.comparing t h e  evacua- 

t i o n  rates during <ne secvud a 5  t h l r d  te~-minnt.e periods (27 k6.1 and 

33 k7.0 ml i n  t h e  absence of t h i r s t ;  77 k5.7 and 78 k5.O ml i n  t h e  presence of 

t h i r s t ) .  

Such a 

The same behavior was observed in t h e  experiments with the  second dog 

( f ig .  U3). 

i n t o  t h e  i n t e s t i n e  after th ree  10-min periods were 23 kl3.0, 9 k3.5 and 

The mean indica t ions  i n  r a t e  of water evacuation from t h e  stomach 
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Figure 1. Passage of Water f r o m t h e  Stomach i n t o  t h e  I n t e s t i n e  
as a Function of t h e  Absence (a) or Presence (b) of Thirst After  
Three 10-Minute Periods with TWO Dogs, Novaya (A) and A l m a  (B). 

9 +4.0 m l ' i n  t h e  absence of t h i r s t .  

were equal t o  67 k7.7, 78 +13.0, and 100 m ~ ,  respect ively.  

In t h e  t h i r s t y  state these ind ica t ions  
* 

The da ta  presented h e r e i n ' l e a d  t o  the  conclusion t h a t  t h e  dr inking s t i m u -  

l u s  e x e r t s  a s t imulat ing influence on the  rate of water passage from t h e  

stomach i n t o  t h e  i n t e s t i n e .  When t h i r s t  i s  absent, water remains i n  the stom- 

ach Tor a considerably longer t i m e  than when the  d r i r k i n g  s t i m u l u s  i s  act ive.  

This may be regarded as a kind of banking system, which enables t h e  organism 

t o  defer  the  intake,  i n t o  i t s  i n t e r i o r  medium, of substances t h a t  it does not 

need a t  t h e  moment. This point of view i s  w e l l  i n  accord with t h e  notions of 

t h e  stomach as t h e  pr imary n u t r i t i v e  depot ( r e f .  6).  

A s  a l ready noted above, t h e  passage of water i n t o  t h e  i n t e s t i n e  i s  not  a l -  

ways accomplished a t  t h e  same r a t e ,  even against  a 'uaciigi-ou;zd of the  same !1196 

func t iona l  s t a t e  on t h e  p a r t  of t h e  drinking center.  This leads u s  t o  bel ieve 

t h a t  several central ized fac tors  are operative,  a f f e c t i n g  t h e  rate of water 

evacuation from t h e  stomach, f a c t o r s  which have not been taken i n t o  account 

under t h e  given experimental conditions. One might t e n t a t i v e l y  suggest var ia-  

t i o n s  i n  t h e  overall s t i m u l u s  l e v e l  of t h e  animal from one experiment t o  t h e  

5 



next, exc i t a t ion  of t he  dr inking center ,  a hormonal background, or t eapera ture  

of t h e  i n t e r i o r  medium as possible  f a c t o r s  a f f e c t i n g  t h e  eaptying capac i ty  of 

t h e  stomach. 

It was a l so  very important t o  f i n d  out  whether t h e  r a t e  of water passage 

i n t o  t h e  i n t e s t i n e  depends on t h e  funct ional  state of t he  drinking center  or 

whether it i s  a l so  r e l a t e d  t o  t h e  degree of  hydration of t h e  organism's tissues. 

This question was resolved i n  experiments with "imaginary drinking," which, 

while temporarily r e l i ev ing  t h i r s t ,  re tarded t h e  r a t e  of water evacuation from 

t h e  s tomch.  O f  course, t h e  dehydration l e v e l  of t h e  organism i n  t h i s  case was 

not  a l t e r ed .  

Tne f a c t  t h a t  t h e  state of t h e  drinking center  i s  one f a c t o r  governing t h e  

t r a n s f e r  of water from t h e  stomach i n t o  the  i n t e s t i n e  ind ica tes  t h a t  t h i s  cen ter  

not  only provides f o r  behavioral  responses d i rec ted  toward the  prevention of 

vegetative responses t h a t  A n l s  t h e  

The presence o f  t h i r s t ,  r e f l e c t i n g  t h e  need for 

Ly dehydration of the organisu > A  

maintain f l u i d  homeostasis. 

water, leads  t o  a r ap id  in take  of water i n t o  the  i n t e s t i n e ,  hence i n t o  t h e  in-  

t e r i o r  medium. 

stomach as a water depot. 

The absence of t h i r s t  permits t h e  organism t o  u t i l i z e  t h e  

A problem t h a t  i s  y e t  unclear i s  what s ignif icance l o c a l  f a c t o r s  have with 

regard t o  t h e  r a t e  of water passage. 

p l a y  an important p a r t  i n  t o e  kind o f  eveuis t;?& esztrihut.e t o  t h e  d iges t ive  

behavior of higher animals (see t h e  review a r t i c l e s  i n  refs. 6 t o  8). 

be presumed t h a t  t h e  drinking center receives  information from t h e  gastroGuuGezzl 

t r a c t  as t o  t h e  chemical composition of t h e  f l u i d  t h a t  it acquires.  Since i n  

our  experiments we eliminated s igna l iza t ion  from t h e  duodenal receptors ,  it may 

be assumed t h a t  t h i s  information was gererated due -to t h e  ac t ion  of t he  stomach 

It i s  known t h a t  t h e  stomach receptors  

It m u s t  

6 



receptors. 

lo), who rejects the presence of receptors in the stomach, which affect the 

evacuation activity. However, we cannot conceive of any other mechanism under 

the conditions when the stimulant (water) 2oes no", get into the intestine. It 

would be impossible in the present report to discuss in detail the data on the 

rate of gastric emptying of hypertonic electrolytic solutions. It suffices to 

note that this rate differs considerably from the rate of gastric emptying of 

water. 

this case, we can only surmise that the chemo- and osmoreceptors OZ the stomach 

do not remain indifferent with respect to the evacuatory function of the 

storiach. 

This assumption is not consistent with the notions of Hunt (ref. 

. 
Inasmuch as the stimulation of the duodenal receptors is eliminated in 

I. P. Pavlov Institute of Physiology 
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